Improvement in physical activity (PA) is an important benefit for patients undergoing CABG. It is suggested that women make less improvement than men. Of 568 patients (466 men and 102 women) undergoing an isolated primary CABG for stable angina (NYHA-4) preand 1-year postoperative PA was registered. The Corpus Christi Heart Project criteria are used for assessing PA. The different PA-levels are coded from 1, the worst, to 5, the best. Preoperatively, female patients were older, in a higher NYHA class, and PA level was significantly different and lower 2.30"1.01 vs. 2.89"1.03 (Ps0.000). At follow-up, the mean PA increased significantly for women (2.7"1.02) and men (3.2"1.06) (Ps0.000). Despite this broad increase, 20% of men and 10% of women had a decreased PA. Multiple logistic regression analysis identified a preoperative high PA-level, diabetes, vascular-and pulmonary disease (odds ratio 7.11, 2.6, 2.3, 2.69) as variables that contribute independently to a worse PA for men and only high preoperative PA level (odds ratio 11.0) for women. This study confirms that patients with a preoperative high level PA are unlikely to improve PA, but in men, diabetes, vascular-and pulmonary disease are also independent risk factors.
Introduction
Several articles deal with the gender difference in quality of life post myocardial revascularization. Physical activity (PA) is one aspect of quality of life, however, a very important one, certainly for patients undergoing elective CABG for symptom relief. Questions as 'Doctor, will it be possible to cycle again, or make longer walks after the operation?' are common during preoperative talks with patients. Literature in this specific field is limited, but it is rather common that women make less improvement in PA post CABG than men w1-7x.
The purpose of this study is to evaluate gender difference in PA of patients undergoing CABG for stable angina. Additionally, we analyzed which variables, measured preoperative, contribute independently to worse PA one year postoperative.
Patients and methods

Patients
With the aid of our database, Coronary Surgery Database Radboud Hospital (CORRAD), we identified 568 patients with stable angina (NYHA-4) undergoing a primary isolated myocardial revascularization between January 2002 and December 2004, of which pre-and one-year follow-up *Corresponding author. Tel.: q31-24-3613711; fax: q31-24-3540129. E-mail address: l.noyez@thorax.umcn.nl (L. Noyez).
registration of quality of life (QOL) using the EuroQol questionnaire, and physical activity, was complete w8, 9x.
The total group consisted of 466 men (82%) and 102 females (18%). Table 1 presents the studied pre-, per-and postoperative variables and their definitions. The Euro-SCORE was used for risk stratification w10x.
Physical activity
Physical activity is a part of our preoperative QOL registration. For assessing specific PA the criteria of The Corpus Christi Heart Project are used w8x. The five activity levels, their description, and number of patients are presented in Table 2 . The levels are coded from 1, the worst, to 5, the best. For logistic regression analysis, preoperatively the levels G3 are taken together into a single active group. Postoperative patients were divided into three PA-change groups: patients who improved, did not change, and patients who declined.
Surgical technique
Five hundred and forty-four patients (95.8%) were operated using standard cardiopulmonary bypass technique, aortic and right atrial (two stage) cannulation, hypothermia (28-32 8C) and myocardial protection using St. Thomas' Hospital cardioplegia. Twenty-four patients (4.2%) were operated 'off-pump'. Because this is only a small amount we did not include 'off-pump' as a variable in this study. 
Follow-up
The data result from our yearly-organized follow-up -a written survey directly to the patients. This follow-up is approved by the local ethical and research council and participation in this follow-up is on a voluntary basis w11x.
Statistic analysis
Characteristics of patients are presented as percentage for dichotome variables, and as mean"S.D. and range for numerical variables. Differences in percentages were tested with the x -test, and numerical variables with the 2 t-test. Student t-tests were performed to analyze the mean differences in PA between both groups. Logistical regression was used to assess the relationship between the PA-change and several preoperative variables. Statistical significance was assumed at PF0.05 (Ps0.000 means P-0.001).
Results
Patient population
Between January 2002 and December 2004, 1104 myocardial revascularizations were performed. Based on our clinical inclusion criteria, primary isolated and NYHA-4, 861 patients were available for this study. Of 744 patients (86%) preoperative QOL-andyor PA-information was available. During the 1-year follow-up eight patients died and ten patients were lost to or refused follow-up. Of the remaining 726 patients, 158 patients were excluded because of incomplete pre-or postoperative QOL-or PA-information. So the study population consisted of a group of 568 patients, with a mean age of 64.3"9.04 (31-85) years, a mean NYHA class of 2.8"0. 38 (1-3) , and a mean EuroSCORE of 2.6"2.04 (0-10). The non-included patients had a mean EuroSCORE of 2.6"2.12 (0-9).
Preoperative data
Sixty-nine women (67.6%) were in the sedentary or minimally active level vs. 179 (38.5%) men (Ps0.000) ( Table  2 ). The mean PA for the total group was 2.79"1.05 (1-5), with a significant difference between women, 2.30"1.01 (1-5) and men 2.89"1.03 (1-5) (Ps0.000).
The preoperative co-morbidity and cardiac variables (Table 3) show that female patients were significantly older, but further there is no significant difference.
Significantly more women were in NYHA III (Ps0.043). The mean NYHA-class, however, was not significantly different between female (2.9"0.4) and male (2.8"0.4) (Ps0.12).
Peroperative data
There was no significant difference in the number of grafts, 1.9"0.4 vs. 2.0"0.4 (Ps0.42), distal anastomoses; 3.3"1.0 vs. 3.2"1.0 (Ps0.59), ECC-time; 85.6"36.7 vs. 82.9"32.2 (Ps0.45) and AOX-time; 50.1"22.1 vs.
48.8"32.2 (Ps0.40) between both groups. Of all patients, 544 patients (94.2%) received at least one arterial graft.
Postoperative and follow-up data
Between both groups, postoperative complications, postoperative intensive care stay and hospital stay, attending a rehabilitation program, showed no significant difference (Table 4) .
At one-year follow-up both male and female patients improved in NYHA class. Of the total group, 495 patients (87%) were in a lower NYHA class and 19 patients (3%) in a higher class than preoperatively. The overall mean postoperative NYHA, 1.5"0.79 (1-4) is significantly lower than preoperative (Ps0.000). The decrease in mean NYHA class is significant in the male group (1.4"0.7) (1-4), mean change 1.2"0.83, and in the female group (1.6"0.8) mean change 1.2"0.83. There is no statistical difference in the decrease of NYHA class (Ps0.35) and mean NYHA class (Ps0.15) between male and female. However, there is still a significant difference in NYHA class-distribution between both genders (Ps0.003). More female patients are in class NYHA III, 15.2% vs. 6.7% and NYHA II 39.6% vs. 30.4%.
Also in PA registration a significant difference between male and female patients remains (Ps0.000). Although the percentage decreased, there are still more female patients in the lowest two physical activity levels than male patients, 46.1% vs. 26.1%. The overall mean PA increased significantly from 2.7"1.05 preoperatively to 3.2"1.09 after one year with a mean change of 0.50"1.1 (Ps0.000). As well for the female group, 2.7"1.02, as for the male group, 3.2"1.06, the one-year postoperative registered PA was significantly better than preoperative (Ps0.000 for both groups). However, the increase in PA was not significantly different between male (0.31"1.1) and female (0.47"0.9) (Ps0.35).
Evaluating the individual PA-follow-up results to the variables 'better, equal or worse' (Table 5) , there is a significant difference between the male and female patients (Ps0.033), in the male group there were relatively more patients with a worse PA. Table 6 shows that diabetes, vascular-, pulmonary disease and an activity level G3 (odds ratio respectively, 2.6, 2.3, 2.6 and 7.11) contribute independently to a worse postoperative PA for male patients. For female patients only the variable activity level G3 is significant (odds ratio 11).
Discussion
Patient characteristics
In the study population, we included only patients undergoing myocardial revascularization for stable angina (NYHA-4). First, in these patients the decision to operate can be taken into consideration and eventually patients' expectation concerning postoperative PA is discussed. Second, patients with an NYHAsIV have a greater change to improve there PA, but in the first place due to an improvement of their NYHA class.
Female patients were significantly older than the male. That women tend to be older at the time of operation is common and related to natural history w12x.
Although no difference in severity of coronary disease was present, female patients had a higher NYHA and lower PAregistration. Possibly the lower PA level is due to the older age w13x. But several studies confirm that women report greater physical limitation related to stable chronic anginal pain, consistently report worse health than men and have a lower pain tolerance w14x.
Follow-up data
There is a statistical significant decrease of angina for both genders. The mean decrease is not significantly different for male and female patients. However, the significant difference in the NYHA classification persists with less female patients in the NYHA class I. The results of myocardial revascularization on relief of angina are well known and also that women remain more symptomatic compared to men. Women have smaller coronary arteries, which compromise complete revascularization, and result in a higher incidence of early graft failure w12x. Also, there is the sex difference in reporting anginal pain as discussed under the preoperative data.
CABG reduces significantly the limitations of PA for male and female patients. On the other hand, the significant difference in PA-distribution between both genders persists with more women in two lower PA-levels. These results are, broadly speaking, in accordance with studies of Koch et al. w6x, Stewart et al. w7x using the Duke Activity Status Index (DASI) for assessing functional status, and Sjöland et al. w5x showing that women start preoperatively at a lower functional level and end at a lower level than men. However, where Stewart confirms our data, concluding that the functional improvement is similar across the genders, the two other studies suggest inferior results in women w5-7x.
On the other hand, evaluating the follow-up results to the standard 'better', 'equal', 'worse' shows that only 43% of the patients have an increased PA and 20% a decreased PA. This is in contrast with 87% of the patients in a lower NYHA class. Furthermore, we have a significant difference across both groups. These data are also confirmed by other studies w6, 15x. Stewart categorized the absolute change in DASI score at six months follow-up, for each patient as worse, equal or better, 53% improved, 36% dropped and 11% had no change w6x. Welke et al., using the Short-Form Health Survey (SF-36) report that overall 73.2% of the patients showed improvement in their physical score, and 26.8% a decline, depending on the baseline functional health w15x.
Since CABG is performed to improve patients' health we analyzed our data for independent predictors for a decreased postoperative PA. Diabetes, vascular-, pulmonary disease and an activity level G3 were identified as independent predictors in male; only activity level G3 in female patients. The relevance of the preoperative PA level is confirmed by several studies w5-7, 10, 15x. Diabetes, vascular-and pulmonary disease are also identified in other reports as restrictive on PA w6, 15x -certainly on the higher levels of PA. Probably this is the reason that we identified these variables in only the male group, starting with a higher PA and expecting a higher postoperative PA level.
Limitations
The first limitation in our study is the small number of patients and the limited follow-up (one year). Also the conversion of physical activity and NYHA into a metric scale can be a point for discussion, however common in this kind of investigation.
But there are other points, only elective, stable patients are included. So our results cannot be generalized for the total population of patients undergoing myocardial revascularization. That female patients are older, speaks only in their advantage. The mean EuroSCORE of the patients not included because of lack of PA or QOL information is the same as for the included patients, which proves that we did not exclude the higher risk patients from this study. The information about postoperative cardiac rehabilitation programs; we only retrieved if patients followed a rehabilitation program, we were not informed about the level of these programs, the result. And at least we did not include 'event'-information, eventually influencing the PA, at oneyear follow-up.
Conclusion
CABG is a good treatment reducing the limitations of PA in patients with stable angina. The increase in mean PA is similar in both genders, however, since women are presented for CABG at a lower PA level, their level remains lower than that of men at one year post CABG.
A clinical consequence of this study is that we must realize that patients with a high PA level preoperatively are unlikely to improve their PA. Additionally, diabetes, vascular-and lung disease are, particularly in men, independent risk factors for a decrease of PA post CABG. I read with great interest the recent work by Markou and coworkers focusing on gender and physical activity one year after myocardial revascularisation w1x. I would like to thank the authors for their inspiring work and comment on some issues.
Cook and coworkers analysed in 2001, 200 patients prior to CABG surgery in those with a low risk and a high risk group based on the STS National Cardiac Surgery Database prediction of operative mortality w2x. Patients with a high percent body fat and a low veterans specific activity questionnaire score were at higher risk for at least one serious complication and a longer postoperative length of stay.
We analysed a total number of 211 patients following complete arterial revasculariation using either a radial T-graft or free graft besides the internal mammary artery for coronary revascularisation w3x. Ninety-four patients (44.5%) with coronary artery disease and after radial artery harvesting performed no sports activity at all 25.7"5 months after the procedure. Approximately 50% of the patients were physically active on a regular basis. Twenty-five patients (11.8%) performed sports every day of the week. In Germany, a large number of specialized sport groups meeting the needs of patients with coronary artery disease are available. At follow-up (25.7"5 months after radial artery harvesting), 169 patients (80.1%) did not participate in such heart sport groups. Only 27 patients (12.8%) participated in such heart sport groups once a week. Concerning any cardiac rehabilitation course performed, 25 patients (11.8%) did not participate in such a cardiac rehabilitation program at all, whereas 171 patients (81.0%) attended a cardiac rehabilitation program after the procedure.
Given the demonstrated benefits of regular physical activity one has to mention and clearly promote the current revised recommendations of the American College of Sports Medicine (ACSM) and the American Heart Association (AHA) for adults over age 65 or adults 50-64 suffering chronic diseases are as followed w4x: they include moderate intense aerobic exercise 30 min a day, five days a week or a vigorously intense aerobic exercise 20 min a day, three days a week. This should be accompanied by at least 10 strength-training exercises with 10-15 repetitions of each exercise twice to three times per week, preferably associated with balance exercises.
